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The aim of this study was to determine the inﬂuence of soft drinks on the surface of Ni-Ti archwires and
their corrosion behavior. Archwires with different patterns (smooth, scratch, dimple, and crack) were
selected and characterized by scanning electron microscopy and laser confocal microscopy. Immersion tests
were performed in artiﬁcial saliva (pH 6.7) with a soft drink with a pH of 2.5 for 28 days. The results
showed an increase in the surface defects and/or roughness of the dimple, crack and scratch patterns with
the immersion times, and a decrease in corrosion resistance. A relationship between the surface pattern and
the extent of the corrosion in Ni-Ti archwires with soft drinks at low pH has been demonstrated. Pattern
should be taken into account in future studies, and manufacturing processes that produce surface defects
(especially cracks) should be avoided.
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1. Introduction
The biocompatibility of nickel-titanium alloys (Ni-Ti) near
equiatomic composition is good in artiﬁcial saliva, Ringers
solution, and physiological saline solution (Ref 1). Neverthe-
less, the corrosion resistance of Ni-Ti alloys decreases in acid
saliva (Ref 2-4) and chlorine (Ref 5) or ﬂuoride-containing
solutions (Ref 5-15). Corrosive agents deteriorate the passive
ﬁlm of the titanium oxide surface (Ref 7, 12, 14, 15),
decreasing corrosion resistance of the alloy and hence its
biocompatibility (Ref 1-3).
In the last decade, many studies have examined the factors
that inﬂuence Ni-Ti alloys exposed to ﬂuoride. It is well known
that the outer titanium oxide layer is degraded by hydrogen
absorption (Ref 14). Also, the effects of exposure time (Ref 13,
14), ﬂuoride concentration (Ref 6, 7, 12) and a more acidic pH
(Ref 12, 14), as well as their relationships, have been studied
(Ref 13). A pH-dependent critical concentration has been
deﬁned (Ref 10, 11) that can degrade the passive ﬁlm.
Nevertheless, in relation to carbonated drinks, only studies on
the enamel coating that affects adherence to brackets can be
found in the literature. Such drinks are a part of the diet of
young people receiving orthodontic treatment, and can also
degrade the orthodontic archwire surface.
When the passive ﬁlm is broken, corrosion takes place. As
a consequence, the release of metallic ions into the medium
(Ref 3, 6, 10, 15, 16), surface morphological changes (Ref 6,
13, 14) including an increase in roughness (Ref 3, 6) and
friction coefﬁcient between the archwire and the bracket
(Ref 17), are produced. In these effects, the wire surface plays
an important role in corrosion, although the published results
are controversial. Previous studies (Ref 3, 16, 18) point to
surface defects produced during the wire manufacturing
process as preferential corrosion areas, while other authors
have reported no such evidence (Ref 7, 19). Some investi-
gators (Ref 20) consider archwire roughness to be an indicator
of the tendency toward corrosion, although other studies (Ref
3, 6, 7, 19) have found no such relationship when including
residual stresses and the degree of homogeneity as corrosion
accelerators (Ref 7, 19). This is to say that different archwire
surfaces have a better or worse response to corrosive ﬂuoride.
Thus, the archwire manufacturer is a variable in itself (Ref 6,
19). The main objective of this study was to determine
whether soft drinks with a low pH cause corrosion of Ni-Ti
wires.
The wire surface, surface defects, and roughness are related
to the manufacturing processes (Ref 6) that lead to different
surface ﬁnishes (Ref 21). A second objective of the present
study was to investigate the inﬂuence of the surface (surface
defects and roughness), as a result of the manufacturing
process, upon the corrosion of Ni-Ti archwires. Different
commercial brands could present the same pattern. In this
context, the inﬂuence of each pattern upon soft drink corrosion
was studied by means of surface analysis (scanning electron
microscopy), roughness characterization (laser scanning con-
focal microscopy), and corrosion tests. The main hypothesis is
that different surface patterns, derived from different manufac-
turing processes, will respond differently to corrosion produced
by soft drinks.
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2. Materials and Methods
2.1 Preliminary Study
The surfaces of 16 Ni-Ti archwires (0.0169 0.022 inches)
from nine commercial brands were studied in the as-received
condition (Ref 22) (Table 1). The surface morphology and
composition were evaluated by scanning electron microscopy
(SEM) (Philips XL-30 Philips, Eindhoven, Netherlands) and
energy dispersive spectrometry (EDS) (Edax International,
Mahwah, USA), while roughness was measured using a laser
scanning confocal microscope system (LSCM) (Leica TCS-
SP2, Wetzlar, Germany).
The archwires were classiﬁed according to their surface
patterns using 18 variables. Five variables were found to be
correlated to the pattern: dimples, scratches, cracks, pores, and
smooth/no defect. As a result, the Ni-Ti archwires were classiﬁed
according to these ﬁve patterns (Table 1) depending on the
predominant surface defects. The different surface defects are
determined in the following way: As-received material can be
observed in Fig. 1a. Pore is a deep, usually rounded defect.
Micropore is a pore with a diameter of less than one micrometer.
Dimple is a small hole, an elliptical or rounded depression on the
surface similar to the dimples in a golf ball (Fig. 1c). Crack is a
long, deep ﬁssure with irregular edges and variable width
(Fig. 1e). Lastly, scratch is a long ﬁssure with smooth edges
and constant width, in which the bottom is clearly visible
(Fig. 1g).
2.2 Material and Immersion Test
Eight Ni-Ti wires with near equiatomic compositions made
by different manufacturers were used in this study. Each surface
pattern (dimple, scratch, crack, pore, and smooth/no defect)
corresponded to two different commercial brands (Table 1).
The porous surface pattern was eliminated from this study
because there was only one manufacturer. For the tests, use was
made of ﬁve samples of different archwires from the same
batch (n = 40). The samples were 20 mm segments extracted
from the straight part of the arch. Prior to immersion
testing, each specimen was cleaned and degreased for 5 min
in acetone.
Samples were placed in a propylene tube (15 mL) with
2 mL of artiﬁcial saliva modiﬁed by Fusayama (saliva com-
position: NaCl (0.4 g/L), KCl (0.4 g/L), CaCl2Æ2H2O (0.906 g/L),
NaH2PO4ÆH2O (0.690 g/L), Na2SÆ9H2O (0.005 g/L), KSCN
(0.3 g/L), and urea (1 g/L) (Ref 2, 3, 7, 8)) at pH 6.7 (micropH
2001, Crison Instrument S.A., Barcelona, Spain) for 28 days at
37 C. During this time, the samples were placed in 15 mL
propylene tubes with 2 mL of soft drink with a pH of 2.5 every
3 days (10 days in total). The immersion sequence was: 1 min
in soft drink followed by rinsing of artiﬁcial saliva for 3 min
(5 times), according to the Van Eygen protocol (Ref 23). The
total immersion time was 50 min in soft drink corresponding to
the consumption of one can of soft drink per day for 28 days
(Ref 24). During this process, after each immersion in soft
drink, the specimens were placed in fresh artiﬁcial saliva used
in this experiment.
2.3 Surface Characterization
The surface topography of the Ni-Ti archwires was exam-
ined before and after the immersion tests. SEM micrographs
and were taken of representative degraded areas of the surface.
The images were used to measure the surface occupied by each
defect (dimples, scratches, cracks, and pores) in three different
areas of 10,000 lm2. The three measurements were then
averaged. Thus, ﬁve samples per brand of wire (n = 40) and
three areas per specimen were analyzed.
The surface roughness of the Ni-Ti archwires were analyzed
before and after the immersion tests by means of LSCM. The
microscope was previously calibrated using a Mitutoyo
precision Reference Specimen (Code no. 178-601) with Ra
= 3.1 lm—the error coefﬁcient being below 0.3%. The images
were processed using Leica Confocal software (Leica Micro-
systems GMBH, Wetzlar, Germany). Micrographs correspond-
ing to 750 linear microns were taken. Five areas of 10,000 lm2
were randomly selected from each topographic image and the
roughness was measured. Ra, Rms, Rp, and Rv values obtained
Table 1 Archwires used in the preliminary and experimental studies
Code Archwire Company Batch Composition(b) Pattern
NC(a) Nitinol Classic(a) 3M-Unitek V5304 53.0/47.0 Smooth
RS(a) Reﬂex Superelastic(a) TPO 1567027 52.9/47.1 Smooth
AL(a) Align XF(a) Ormco 030880842 53.4/46.6 Dimple
OR(a) Orthonol(a) RMO A07005 52.9/47.1 Dimple
NCu NitiCu 35 Ormco 07E278E 47.2/46.5/6.3(c) Dimple
TS(a) Titanol Superelastic(a) Forestadent 28636946 53.9/46.1 Crack
M(a) Memoria(a) Leone 07132601 54.0/46.0 Crack
TM(a) Thermomemoria(a) Leone 08022001 53.9/46.1 Scratch
G4(a) G4(a) G&H 142669 53.3/46.7 Scratch
T Tensic Dentaurum 54301 56.5/43.4 Scratch
NH Nitinol HA 3 M-Unitek AP1FY 53.0/47.0 Scratch
RL Ramatitan Lite Dentaurum 60648 54.5/45.5 Scratch
M5 M5 G&H 146755 53.3/46.6 Scratch
TA Thermaloy RMO A07304 53.4/46.6 Scratch
RH Reﬂex Heat-Activated TPO 1297060 53.2/46.7 Scratch
NS Neo Sentalloy GAC H326 53.1/46.8 Porous
(a)Archwires used in the experimental study. (b)%Ni/%Ti (wt.%). (c)%Ni/%Ti/%Cu (wt.%)
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in each area were averaged. Ra and Rms represent the
arithmetical mean of the absolute values and the root-mean-
square value of the scanned surface proﬁle, respectively. Rp
and Rv in turn represent the highest and lowest values of the
scanned proﬁle. Thus, for roughness studies, ﬁve areas from
ﬁve samples of each archwire were analyzed (n = 40).
2.4 Corrosion Tests
Archwires were sectioned to produce corrosion test samples.
A 25-mm length of each archwire was cut with sterile orthodontic
pliers and was isolated with wax at the point of interphase
between the testing solution and the air. The corrosion tests were
Fig. 1 Representative SEM images of Ni-Ti wires. As-received: (a) smooth pattern, (c) dimple pattern, (e) crack pattern, and (g) scratch
pattern. Soft drink-treated: (b) smooth pattern, (d) dimple pattern, (f) crack pattern, and (h) scratch pattern
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performed in accordance with the ISO-standard (Ref 25) for
corrosion testing.
The tests were carried out with a Voltalab PGZ 301
potentiostat (Radiometer, Copenhagen, Denmark) controlled by
Voltamaster 4 software (Radiometer Analytical, Villeurbanne
Cedex, France). The testing solution was artiﬁcial saliva and
artiﬁcial saliva with soft drink kept at a controlled constant
temperature of 37 C. The electrical set-up used to measure the
electrochemical parameters and sample geometry is represented
in Fig. 2. The reference electrode was an Ag/AgCl/KCl
electrode (E = 0.222 V). The auxiliary electrode used was a
platinum electrode with a surface of 240 mm2 (Radiometer
Analytical, Villeurbanne, France).
The open circuit potential was monitored for 3 h in order to
allow leveling off of the value before the polarization resistance
test. The Cyclic Voltammetry assay was performed by scanning
the potential of the alloy of the sample at 0.25 mV/s with the
minimum current set at 1 A and the maximum at +1 A, with a
minimum range set at 100 lA between 300 and +2000 mV
around the OCP value. Recordings of the variation in galvanic
current density, potential, etc., were obtained, and the Tafel
slopes were determined from the Evans diagrams. In order to
determine these diagrams, it is very important to record the
polarization curves in a pseudo-stationary manner. In this case,
the 250 min of immersion of the specimens sufﬁced.
Open circuit potential (Eocp), corrosion potentials (Ecorr),
and corrosion currents (icorr) were recorded for the different
samples tested. These parameters are deﬁned as:
• Open circuit potential (Eocp): Potential of an electrode
measured with respect to a reference electrode or another
electrode when no current ﬂows to or from the material.
• Corrosion potential (Ecorr): Potential calculated at the
intersection where the total oxidation rate is equal to the
total reduction rate.
• Corrosion current density (icorr): Current divided by the
surface of the electrode. This is the size of the anodic
component of the current which ﬂows at the corrosion
potential Ecorr. Since by deﬁnition the resulting current is
equal to zero at that potential, the cathodic component is
of equal size, but of opposite sign. The measured result-
ing current being zero at the corrosion potential, the cor-
rosion current density icorr can only be obtained by
indirect methods, e.g., from the Tafel equation. Tafel
constants a and b are the Tafel proportionality constants
for anodic (oxidation) and cathodic (reduction) reactions
of a metal.
2.5 Statistical Analysis
Mean values and standard deviations of each of the eight
brands and the four surface patterns were computed from the
data obtained during surface characterization, for the
as-received archwires as well as after immersion testing. Since
the archwires used had different initial values, in order to
ensure valid comparison of the statistical results it was deemed
appropriate to use the difference between the as-received and
post-immersion test values recorded for each wire tested. Thus,
the ﬁnal data refer to the increases or decreases in the area
occupied by the surface defects or surface roughness. Positive
values imply surface degradation, while zero or negative values
indicate the absence of corrosion. Statistical analysis was
carried out using analysis of variance (ANOVA) and the post
hoc Bonferroni test, for the comparison of mean values.
Statistical signiﬁcance was accepted for a £ 0.05. The data
were analyzed using the SPSS version 14.0 statistical package
(SPSS Inc., Chicago, IL, USA).
3. Results
Table 2 shows the results of the surface defects in the
as-received archwires. Quantiﬁcation was done with the surface
values of each defect and the total surface defects for each
archwire. The incremental value also referred to each surface
pattern included for the archwires after the immersion tests in
saliva with soft drink. There were signiﬁcant differences in the
dimple, crack, and scratch patterns. Figure 1 shows represen-
tative SEM images of the changes in the surface patterns after
the corrosion tests. In the scratch pattern, pitting corrosion
similar to corrosion caused by ﬂuoride was observed (Fig. 1h).
In the dimple and crack patterns there was no pitting, but an
increase in the surface occupied by defects was seen. The
number of dimples (Fig. 1d) and cracks (Fig. 1f) increased,
respectively.
The surface roughness data (LSCM) of the archwires in the
as-received and post-immersion conditions are expressed in
Table 3. There was a signiﬁcant difference for the cracked
pattern, where there was a 34% increase in surface roughness.
Fig. 2 Schematic representation of orthodontic archwires (a) and the electrical set-up used for measuring the electrochemical parameters (b)
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In the crack pattern, Ra changed from 0.35 lm in the
as-received archwires to 0.47 lm in the post-immersion
samples. Figure 3 provides representative LSCM images of
the four patterns studied.
The results obtained for Ecorr, icorr, and Eocp during corrosion
testing are presented in Table 4.
The archwires tested in artiﬁcial saliva clearly showed
greater resistance to corrosion than those tested in artiﬁcial
saliva with soft drink. For the smooth archwires the difference
in Ecorr due to immersion in soft drink was about 100 mV.
However, for the surface with dimples the value was about
150 mV, and for the crack and scratch surfaces it was around
200 mV. The defects with more internal energy (cracks and
scratches) are more sensitive to corrosion.
The archwires with scratches and cracks showed the greatest
tendency towards corrosion, with average values of 650 mV
in artiﬁcial saliva and 850 mV with soft drink. The archwires
with a smooth surface were found to be less resistant to
corrosion, with an Ecorr of 515 and 600 mV, in artiﬁcial
saliva and with soft drink, respectively.
The minimum current density corresponded to the smooth
pattern (3.85 to 3.0 lA/cm2), while the maximum values
were observed in the scratch patterns (0.59 to 0.22 lA/cm2)
in artiﬁcial saliva. The presence of soft drink produced a
decrease in both type of patterns (between 0.3 and 1 lA/cm2).
The open current potential values showed great variability
between the measurements obtained. However, the values of
the smooth and dimple patterns were higher than those of the
crack and scratch patterns.
4. Discussion
In relation to the methodological design, the equivalent of
one soft drink was used as average daily consumption.
Nevertheless, consumption has been estimated to be 12 cans
per week per person (565 mL/day) (Ref 26). In American
teenagers between the ages of 12 and 19 years, consumption
can be as high as 600-800 mL/day (Ref 27). Thus, the average
consumption used in this study can be regarded as regular.
In relation to the immersion test, no previous studies
involving the exposure of orthodontic wires to carbonated
drinks have been found. Due to the lack of data, in vitro enamel
exposure protocols were used (Ref 23, 24). Accordingly, the
corrosion results obtained are not due to excessive exposure to
the media. Furthermore, it is suspected that during orthodontic
treatment, the contact time could be even higher than for
Table 2 Surface area of defects and variation (DDef, obtained by subtracting average total defects) before and after
immersion testing
Ni-Ti archwires
Manufacturing defects (in 10,000 lm2)
Pattern
DDef-saliva +
soft drink
Cracks Pores lPores Scratches(a) Dimples Total Mean SD
Reﬂex SE 0 0 0.8 2.9 0 3.7 Smooth 6.7 16.9
Nitinol Classic 0 174 1.9 0 25 200.1
Orthonol 0 228 1.5 0 6215 6444.5 Dimple 252(b) 68.2
Align XF 73.7 258 3,3 0 1302 1637
Memoria 577.5 5.1 1.7 12.8 176 773.1 Crack 768(b) 72.7
Titanol SE 264.5 35.6 1.3 0 0 301.4
G4 37.5 94.95 5.7 11.2 0 149.3 Scratch 1306(b) 46.7
Thermomemoria 7.5 22.8 0.66 7.5 84.78 123.2
Dimple, crack, and scratch patterns show statistically signiﬁcant variations
(a)lm per 100 lm in linear scratches. (b)Mean signiﬁcant difference (p< 0.05) by ANOVA post hoc Bonferroni test
Table 3 Surface roughness data and variation before and after immersion testing
Ni-Ti archwires
Surface roughness as-received (10,000 lm2) Saliva + soft drink
Ra Rms Rv Rp Pattern Ra Rms DRa DRms
Reﬂex SE 0.22 0.31 2.31 1.20 Smooth 0.32 (0.13)(a) 0.45 (0.18) 0.03 (0.01) 0.04 (0.01)
Nitinol Classic 0.46 0.61 3.46 2.76
Orthonol 1.32 1.71 8.45 4.53 Dimple 1.01 (0.35) 1.35 (0.47) 0.01 (0.01) 0.01 (0.01)
Align XF 0.70 0.95 7.60 4.09
Memoria 0.44 0.60 4.30 2.23 Crack 0.35 (0.13) 0.48 (0.17) 0.12(b) (0.04) 0.14(b) (0.04))
Titanol SE 0.25 0.37 3.33 1.18
G4 0.41 0.53 3.75 2.9 Scratch 0.42 (0.11) 0.54 (0.14) 0.01 (0.01) 0.03 (0.01)
Thermomemoria 0.43 0.57 3.93 2.74
Crack pattern shows statistically signiﬁcant variations
(a)Standard deviations are given in parentheses. (b)Mean signiﬁcant difference (p< 0.05) by ANOVA post hoc Bonferroni test
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enamel, because the bracket-archwire set complicates the self-
cleaning mechanisms and the saliva rinsing effect.
The results referred to the main objective of this study show
soft drink at low pH to exert corrosive action on the surface of
Ni-Ti orthodontic archwires, although in different ways
depending on the surface pattern. In previous research with
other corrosive media (Ref 16, 19), it was shown that the
manufacturer of Ni-Ti wires exerts a statistically signiﬁcant
inﬂuence upon corrosion resistance, since the as-received
commercial Ni-Ti archwires had different surface morphologies
(Ref 6, 7, 16). The results obtained agree with this inﬂuence of
the manufacturer upon corrosion resistance. Nevertheless,
previous studies (Ref 5-7, 10, 12, 13, 16, 19) relate corrosion
to the brands of archwires studied, using only one to four
archwires from different manufacturers. This study may have
some advantages, since a given pattern indicates a given surface
ﬁnish, which allows us to group several brands or manufac-
turers within the same pattern. The surface ﬁnish is related to
the manufacturing process which, in turn, is related to corrosion
resistance (Ref 6, 22, 28). Therefore, the surface pattern should
be taken into account both in present (Ref 29) and in future
corrosion research.
Fig. 3 Representative laser scanning confocal microscope system (LSCM) images of Ni-Ti wires. As-received: (a) smooth pattern, (c) dimple
pattern, (e) crack pattern, and (g) scratch pattern. Soft drink-treated: (b) smooth pattern, (d) dimple pattern, (f) crack pattern, and (h) scratch
pattern
Table 4 Mean values obtained from potentiostatic polarization plot of different Ni-Ti archwires studied in artiﬁcial saliva
solution
Ni-Ti archwires
Artiﬁcial saliva Artiﬁcial saliva + Soft drink
icorr, lA/cm
2 Ecorr, mV Eocp, mV icorr, lA/cm
2 Ecorr, mV Eocp, mV
Reﬂex SE Smooth 3.85 520 +555 2.87 600 +545
Nitinol Classic Smooth 3.00 515 +568 2.84 601 +524
Orthonol Dimple 1.67 565 +450 1.38 691 +479
Align XF Dimple 0.88 579 +520 0.79 674 +488
Memoria Crack 1.36 624 +401 1.08 796 +409
Titanol SE Crack 0.67 657 +321 0.11 809 +405
Tensic Scratch 0.22 708 +320 +0.03 894 +307
Nitinol HA Scratch 0.59 606 +290 +0.24 887 +301
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Rating of the surface patterns in terms of corrosion
resistance from low to high is as follows: crack, scratch,
dimple, and smooth. In the crack and scratch patterns, these
defects are responsible for the increase in total surface defects,
producing an increase in the discontinuities in the archwire
surface (Fig. 1f-h). In the dimple pattern, there is an increase in
the number of defects, producing a more irregular surface, but
without increasing the surface discontinuities (Fig. 1d). The
smooth pattern shows no signs of corrosion (Fig. 1b). There is
some debate in the case of ﬂuoride corrosion (the most widely
studied type of corrosion) between those authors (Ref 3, 16, 18)
who consider surface defects produced during the manufactur-
ing process to be the cause of corrosion and those who do not
(Ref 7, 19). Upon reviewing the results, it is seen that surface
defects can play an important role in archwires corrosion by
carbonated drinks. Further studies are needed to conﬁrm this
hypothesis (involving ion leaching, polarization curves, etc.).
During manufacture of the archwires, those processes that lead
to the formation of surface defects, especially cracks, should be
avoided.
Crack and scratch patterns presented greater corrosion
behavior due to the high surface energy produced by plastic
deformation, especially in the tip, resulting in high stress
corrosion. Thermodynamically, the zones with more energy are
more susceptible to electrochemical attack. Cracks also can lead
to crevice corrosion. However, other surface patterns presented
greater corrosion resistance, as is the case of smooth and dimple
patterns. From these results it can be observed that the role of
roughness in corrosion behavior is not signiﬁcant in compar-
ison with the defects.
In the ﬂuoride corrosion mechanism, which has been
extensively studied in the last decade, the ﬂuoride ions can
deteriorate the passive ﬁlm of the titanium oxide surface (Ref 7,
12, 14, 15) by hydrogen absorption (Ref 14), decreasing the
corrosion resistance of the alloy and hence its biocompatibility
(Ref 1-3). In this case, the carbonated drink has a low pH (2.5)
and contains acids. The total acid level (known as titratable
acid), rather than the pH, can be an important factor in corrosion
because it determines the actual hydrogen ion availability
(Ref 30) for interaction with the passive ﬁlm, in a way similar to
ﬂuoride corrosion (Ref 6, 10, 11, 13). Most soft drinks contain
one or more food acidulants; phosphoric and citric acid are
common but malic, tartaric, and other organic acids also may be
present (Ref 31). These acids are responsible for the character-
istics of Ni-Ti archwires corrosion produced by soft drinks.
The corrosive effects of soft drinks are mainly reﬂected by
an increase in the pre-existing as-received surface defects
(Table 2). The present study recorded the generalized formation
of small cracks, similar to the pits produced during ﬂuorine
corrosion (Ref 5, 13, 15), but only on the archwires with a
scratch pattern (Fig. 1h). The crack pattern yielded greater
increases in surface defect content from the pre-existing cracks
(Fig. 1f). Cracks ﬁlled with impurities in the as-received
archwires grow and become more pronounced. The as-received
impurities have been previously described and related to
archwire deterioration by other authors (Ref 32). In the absence
of further studies, the most pronounced soft drink effect upon
the Ni-Ti alloy is seen to be its ability to produce or enlarge
cracks which generate surface discontinuities and have detri-
mental effects on the passive ﬁlm (Ref 15). Cracks act as
crevices that induce corrosion through the formation of a
differential aeration cell. In the archwires with a dimple pattern
(Fig. 1c, d), and although an increase in number is observed,
there is no surface discontinuity (crevices) and, coupled with
the smooth pattern, this is the most corrosion resistant pattern.
In future research it would be interesting to measure the effect
of ion leaching upon the average diameter and mass of the
archwires in order to better understand the corrosiveness and
effects of soft drink on the passive layer. On comparing these
ﬁndings with those found during ﬂuoride corrosion, several
relevant differences are observed. The most frequent conse-
quences of ﬂuoride immersion are a general (Ref 5, 13-15) or
localized attack (Ref 10, 15) in the form of pits. Another
characteristic effect is the change in color: dark stains (Ref 13),
white spots (Ref 9, 13-15), or dark spots that disappear after the
immersion tests in as-received archwires (Ref 12-14, 32, 33).
Such changes in color described during corrosion in ﬂuoride
media were not found in the present study. A hypothesis to
prove is that soft drinks, unlike ﬂuoride, use pre-existing
defects as nucleation sites for corrosion-cracks being the most
important defects because of the existence of a crevice.
Regarding the increase in roughness after immersion in soft
drink, correlations with the crack pattern were found (Table 3).
The increase in roughness is related to corrosion (Ref 3, 6, 7),
although not the initial roughness (Ref 3, 7, 19). The results
obtained are in agreement with the ﬁndings referred to the
dimple pattern, with high initial roughness, which does not
signiﬁcantly affect post-immersion roughness. Nevertheless,
this is in discrepancy with other investigators (Ref 20) who
point to initial roughness as a factor related to corrosion. On the
other hand, the increase in roughness is not only related to the
increase in the number of defects. In the dimple and scratch
patterns the number of defects increase but not so roughness.
The explanation for this is that the surface occupied by the
defects in some archwires represents about 10% of the total
surface. Thus, roughness depends on the number of defects but
also on the remaining surface. Taking into account that
immersion in ﬂuoride solution produces a generalized increase
in roughness that is dependent upon concentration and pH
(Ref 5, 6), in the as-received archwires with few surface defects
the increase in roughness essentially depends on the processes
taking place on the surface free of defects. In exposure to soft
drink, an increase in roughness in the crack pattern is observed
where the number of pre-existing defects is signiﬁcant. This
increase can inﬂuence post-immersion roughness. It would be
interesting to study the changes in roughness produced by
ﬂuorated solutions and to compare them with those produced
by carbonated drinks, in the same way that the difference has
been studied between the actions of chloride-containing
solutions on Ni-Ti archwires and those exposed to ﬂuoride
media (Ref 5). The rougher surface condition in ﬂuoride can be
ascribed to the general corrosion of Ni-Ti alloy in ﬂuoride
solutions (Ref 5). As the acid media in soft drink and ﬂuoride
are different, there should be differences between them.
It may be noted that the potentials in an open circuit of the
all archwires adopt positive values, and consequently the Ni-Ti
archwires studied remain in their immune range. The higher the
current density at a given potential, the more prone the material
is to corrosion. Smooth and dimple patterns had the most
passive (2.87, 2.84, 1.38, and 0.79 lA/cm2) and scratch
the most active (+0.03, +0.24 lA/cm2) critical current density
values in artiﬁcial saliva with ﬂuoride solution.
The differences in current density at a given potential
between smooth and dimple patterns are due to the internal
stresses produced in the surface of the Ni-Ti by the machining
process, which favor the corrosion processes.
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Observed surface changes cannot be directly related to
changes in the mechanical properties of Ni-Ti archwires (Ref
13). Neither surface defects nor roughness can be considered the
only factors involved in corrosion; surface residual stress, the
amount of residue and the degree of homogeneity of microstruc-
tures (Ref 5, 7, 19), among other factors, must also be taken into
account. The orthodontist should instruct the patient on carbon-
ated drink intake during treatment, suggesting the use of a straw
to minimize the corrosive effect on Ni-Ti archwires.
5. Conclusions
In conclusion, soft drinks with low pH values exert corrosive
action on the surface of Ni-Ti orthodontic archwires, although in
different ways depending on the surface pattern. Archwires with
cracked or scratched surface patterns are the least corrosion
resistant. Cracks as pre-existing manufacturing defects show the
greatest surface deterioration, due to the internal energy stored.
However, the initial roughness of archwires is not related to the
increase in roughness when they are exposed to soft drink. The
cracked surface pattern moreover shows the greatest increase in
roughness; therefore, cracks should be avoided in the archwire
surface pattern. The absence of standard surface treatment
protocols for Ni-Ti results in variability in the surface ﬁnish,
which in turn responds differently to corrosion. Such protocols
should be helpful in securing better quality surfaces.
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